Abstract-Photovoltaic (PV) cells are modeled using numerical methods to illustrate the performance the PV cell. Those two quantities, voltage and current, depend on some manufacturing and environmental parameters such as the temperature and the incident irradiance. Accordingly, this paper shows the impact of such parameters on the electric behavior of PV cells/Modules. An electronic circuit, made up of a photocurrent generator, a semiconductor junction, a shunt and series resistances represent the PV cell considered within this paper. Within this paper, a Matlab/Simulink based numerical model of a photovoltaic cell is presented. To validate the Matlab/Simulink model of the PV cell/module, real data of the AEGAS-P605-250 PV module is implemented in PVsyst. 6.6.3 tool to highlight the effect of manufacturing and climate parameters on the electric behavior of the module.
I. INTRODUCTION
To generate electricity in the external circuitry of a PV cell, photons having enough energy would extract electrons from the semiconductor. Then, electrons pass to the load resulting in a direct current (DC) from the positive terminal to the negative one [1] , [2] , [3] , [4] , [5] . In general, a typical monocrystalline or polycrystalline PV cell generates no more than one volt. Therefore, the so-called PV module having a reasonable level of the output voltage/current is obtained by interconnecting cells in series or in parallel. For the sake of better efficiency, nowadays researchers are studying the feasibility of PV cells from novel materials such as the InGaN and are trying to investigate the impact of some manufacturing and environmental parameters on PV cells [6] , [7] , [8] , [9] . A PV cell/module is mainly characterized by its output current and voltage. These two quantities are studied at different situations denoted respectively the maximum power point (MPP) situation where the current and the voltage are IMPP and VMPP, the open circuit situation where the current is null and the voltage is denoted VOC, and the short-circuit situation where the voltage is null and the current is denoted ISC. Moreover, some other interesting parameters such as the fill factor (FF) and the efficiency (η) of the PV cell could be obtained starting from the voltage and current waveforms of a PV cell/module [10] .
Frequently, the equivalent circuits used to represent PV cells are the single diode model, SDM and the double diode Published on November 2, 2019. Authors are with the High Institute of Applied Sciences and Technology, Kairouan University, Kairouan, Tunisia. (e-mail: tarakissat@gmail.com) model, DDM [11] , [12] , which are shown in Fig.1 .They are both made up of a photocurrent source (Iph), one diode (for the SDM) and two diodes for the (DDM), a series and shunt resistors, RS and RSH, respectively. where IS, (IS1 and IS2) represents the diode's saturation current, q represents the electrostatic charge (1.6x10-19 C), n (n1 and n2) represents the diode's ideality factor, K is the constant of Boltzmann which is equal to 1.38e-23 J.K -1 and finally T represents the junction temperature [13] , [14] .
At the cells' terminals, the measured voltage and current are denoted Vpv and Ipv, respectively. At the open-circuit situation, the voltage reaches a maximum called the opencircuit voltage, VOC given by equation (3), while the current is null. At the short-circuit situation, the voltage is null while the current reaches a maximum called the short-circuit current, ISC which is expressed by equation (4) [15] .
The impact of the manufacturing parameters changes under certain climatic conditions, the behavior of the PV cell could be visibly seen by plotting the waveforms of the current versus the voltage and the power versus the voltage. Furthermore, the cell's efficiency, which is the ratio of the actual output power to the theoretical output power and expressed as percentage, could be plotted under different incident irradiation and temperature levels.
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II. MATLAB/SIMULINK MODELLING OF THE CELL Numerical models implemented in Matlab are frequently considered to predict the behavior of PV cells/modules under different environmental and manufacturing parameters changes [16] , [17] . Before their representation in Matlab/Simulink, the voltage, the current and the power are mathematically expressed based on the electric circuit shown in Fig.1 presented in the previous section. Fig.2 shows how equation (1) is implemented in Matlab/Simulink. Equation (5) is implemented through the subsystem of Fig.3 The incident irradiation has a significant impact on the photocurrent, Iph, of the cell. The subsystem of Fig.4 returns Iph expressed in equation (6) to the main Simulink model of the cell.
Where Ki=0.0017 A/•C represents the temperature coefficient of the cell and β is the incident irradiation expressed in Watt/m 2 . Fig. 4 . Matlab/Simulink subsystem of the incident irradiation III. DISCUSSION PVsyst 6.6.3 is characterized by a very accurate meteorological database available for most countries throughout the whole year. Moreover, PVsyst 6.6.3 includes very accurate data of most existing solar panels based on their technical datasheets. It was used to validate the Matlab/Simulink model described above.
The behavior of the PV cell, using both PVsyst and Matlab/Simulink are similar as expected. The influence of the manufacturing and environmental parameters on the behavior of the PV module are presented next.
A. Influence of the incident irradiation
The incident irradiation is the parameter that significantly affects the efficiency of any photovoltaic power station. As shown in Fig.5 , both the voltage and the current are proportional to the incident irradiation. Fig.5 shows that the output power of the PV module proportional to the incident irradiation [20] . It is clear that under standard temperature condition (STC), the maximum output power achieved from the PV module is around 229 W.
B. Influence of temperature
The temperature effect on PV module was studied at fixed incident irradiation. The temperature was varied from 10 °C to 70 °C and its effect on the power output was obtained. The output power of the PV module is inversely proportional to the temperature, as shown in Fig.6 . Many PV cells' parameters are a function of temperature, but the most important effect is due to the concentration of intrinsic carriers of the semiconductor [21] , [22] . Such concentration depends on the band gap energy [23] , [24] . This is to say, the lower the bandgap, the higher the intrinsic carrier concentration. 
C. Influence of the series resistance
Within this research work, the resistance is varied from 0.200 to 1.000 Ω. Fig.7 shows an inverse proportionality between the series resistance and the output power. As the series resistance increases, the output power of the PV module decreases. In fact, the series resistance is on the path of the current towards the external circuitry where always a drop of both the current and the voltage of the PV cell exists. This leads to a drop of the power of the PV module [25] .
D. Influence of shunt resistance
The shunt resistance resists to a portion of the current that is subtracted from the photocurrent Iph. As a result, as the shunt resistance increases, the efficiency of the cell increases leading to the improvement in power as shown in Fig. 8 [26] . Since the output power of the PV module depends on the temperature, incident radiation, series resistance and shunt resistance, the efficiency will be influenced by these parameters. Fig.9, Fig.10, Fig.11 and Fig.12 are in accordance with what has been described in the previous sections. The efficiency of the PV module was observed to be proportional to the incident irradiation and the shunt resistance while it is inversely proportional to the temperature and the series resistance. 
V. EXPERIMENTAL VALIDATION
In order to validate the Matlab / Simulink model, the small test bench of Fig.13 has been developed. It consists of a PV module, a variable resistor (rheostat), a voltmeter for measuring VPV and an ammeter for measuring IPV. The current and the voltage vary according to the load, which allows the tracing of the experimental characteristics. Fig. 9 . Efficiency versus temperature for different incident irradiation levels Fig. 10 . Efficiency versus incident irradiation levels for different temp. levels However, in practice, we are not able to vary the two resistors or to vary the reverse saturation current of the diode. And as a result, the validation of the model was mainly based on the variation of the incident irradiation and the temperature of the module. As shown in Fig. 14 and 15 , the simulation results and the experimental ones are in good fit.
VI. CONCLUSION.
This paper has demonstrated and validated the effect of different manufacturing and environmental parameters on the performances of the PV modules using both, PVsyst 6.6.3 and Matlab/Simulink. The temperature and the efficiency of the PV cell are inversely proportional while the efficiency of the PV module is proportional to the incident irradiance. It was concluded that the higher the temperature, the lower the module's efficiency and the more the incident irradiance the higher the efficiency of the PV cell. The successful operation of any PV system was proved to be environmental factors dependent and relied on the manufacturer's production methods and material of construction. While Matlab/Simulink allows more flexibility in terms of PV cell description based on mathematical equations, PVsyst provides a huge database containing very accurate meteorological data as well as real technical data of most available PV cells/modules. 
